INTRODUCTION {#sec1-1}
============

Malignant mesothelioma (MM) is an aggressive neoplasm with a poor prognosis. Approximately 3300 new cases of MM are diagnosed annually in the United States,\[[@ref1]\] and about 85% of the MM are present with pleural disease, although MM can also arise in other locations, including the peritoneum, pericardium or tunica vaginalis.\[[@ref2]\] The major risk factor is asbestos exposure; however, other factors such as the Simian virus 40 infection and inheritance of susceptibility genes are likely to play a role.\[[@ref3][@ref4]\] Although MM has a limited response to surgery, conventional chemotherapy, and radiotherapy,\[[@ref1]\] recent clinical trials have suggested that the combination of pemetrexed plus cisplatin improve survival and quality of life\[[@ref5][@ref6]\] in MM patients. Therefore, early diagnosis of MM is important, because it may significantly improve a patient\'s survival.\[[@ref7]\] As the disease manifests initially as a recurrent, unilateral, bloody pleural effusions in most patients,\[[@ref8]\] the cytological examination of the effusion fluid can provide a simple and fast diagnostic test. However, the reported sensitivity and specificity for the cytological diagnosis of MM varies greatly in literature,\[[@ref9]\] due to the lack of specific cytological features of MM. We have noticed that many mesothelioma cases have parakeratotic-like small, orange cells with pyknotic nuclei (PK-like cells)\[[@ref10]\] on Papanicolaou-stained cytology slides. This feature was previously described by Whitaker\[[@ref11]\] as an uncommon, but fairly specific feature of MM. However, to our knowledge, there is no systematic study of this finding for the diagnosis of MM. Our study was aimed at determining the sensitivity and specificity of the presence of PK-like cells for the diagnosis of mesothelioma.

MATERIALS AND METHODS {#sec1-2}
=====================

Thirty cases of histologically documented malignant mesothelioma, with corresponding body cavity fluid cytological specimens (pleural effusions, ascites, pericardial effusions) were selected from the archived material in the Cytology Section of the University of Chicago Hospital, accessioned between January 2000 and November 2011. All cases were epithelioid type of MM, confirmed by histological and immunological studies. Control groups included 30 cases with a diagnosis of reactive mesothelial cells and 30 cases of adenocarcinoma in body fluids. The body fluids were spun down and were then processed with standard Cytospin and ThinPrep protocols. Only slides stained with the Papanicolaou method were selected for this study. There was no difference noticed on the slides with regard to the color or cytology by both Cytospin and ThinPrep protocols.

Of the 30 MM cases, 24 cases were from pleural effusions, four cases were from ascites, and two were from pericardial effusions. Of the 30 adenocarcinoma cases, 20 cases were from pleural effusions and ten cases were from ascites. In the adenocarcinoma group, nine cases had previous histological diagnosis of breast adenocarcinoma, seven cases had previous histological diagnosis of papillary serous adenocarcinoma, ovarian or fallopian tube primary, and five cases were diagnosed histologically with pancreatic adenocarcinoma; the other diagnoses included endometrioid, lung, thyroid and renal cell carcinoma. Of the 30 reactive cases, 18 cases were from pleural effusions, nine cases from ascites, and three cases from pericardial effusions \[[Table 1](#T1){ref-type="table"}\].

###### 

Sites of effusions and diagnoses

![](CJ-9-18-g001)

All 90 cases were previewed for parakeratotic-like cells by the cytology Fellow (LG), two slides of each case and the one with more PK-like cells was chosen for review and confirmation by two board-certified cytopathologists (WR, RMD). Parakeratotic-like cells were defined as small, degenerated cells, with orangeophilic cytoplasm and degenerated, pyknotic nuclei. Any case that had PK-like cells was counted as positive. Cases with cells that had orange cytoplasm, but were *without* degenerated pyknotic nuclei, were counted as negative. Similarly, cases that had cells with eosinophilic cytoplasm were counted as negative regardless of the nuclear structure. These eosinophilic cells often had a blue staining ectoplasmic rim, whereas, the PK-like cells were orange throughout the cytoplasm.

Statistical analysis {#sec2-1}
--------------------

The sensitivity, specificity, positive and negative predictive values of cases with PK-like cells for the diagnosis of mesothelioma were calculated as follows:

Sensitivity = True positive / (True positive + False negative)

Specificity = True negative / (True negative + False positive)

Positive predictive value = True positive /(True positive + False positive)

Negative predictive value = True negative /(True negative + False negative)

RESULTS {#sec1-3}
=======

The two key features of PK-like cells were: pyknotic nuclei and orange cytoplasm \[[Figure 1](#F1){ref-type="fig"}\]. The PK-like cells were usually smaller than the mesothelial cells, whether benign or malignant. Some mimics were identified, which showed only orange cytoplasm without pyknotic nuclei or eosinophilic (pink) cytoplasm, with or without pyknotic nuclei: these were not counted as PK-like cells \[[Figure 2](#F2){ref-type="fig"}\].

![Parakeratotic-like cell. Parakeratotic-like cells are small, degenerated orangeophilic cells with pyknotic nuclei that look like parakeratotic cells in the Pap test (Pap stain, ×400)](CJ-9-18-g002){#F1}

![Mimickers of PK-like cells. Cells that had orangeophilic cytoplasm, but lacked degenerated pyknotic nuclei or cells with eosinophilic cytoplasm (regardless of nuclear structure) were not counted as PK-like cells. These mimicker cells typically had a rim of blue staining cytoplasm (Pap stain, ×400)](CJ-9-18-g003){#F2}

[Table 2](#T2){ref-type="table"} shows the summary of mesothelioma cases with various PK-like cells. Seven of the 30 cases showed numerous (\> 5 / slide) PK-like cells, but these were usually less than 1% of the total cell population. Eight cases showed moderate (3 -- 5 / slide) PK-like cells that were easily identified. Ten cases had only rare (1 -- 2 / slide) PK-like cells. No PK-like cells were identified in five mesothelioma cases and these five cases were either poorly cellular or had papillary structures.

###### 

Summary of PK-like cells in mesothelioma cases
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Four of the 30 adenocarcinoma cases (17%) had rare-(two cases)-to-moderate (two cases) PK-like cells \[[Table 3](#T3){ref-type="table"}\]. All four positive adenocarcinoma cases were ovarian serous papillary adenocarcinoma, which accounted for 57% (4 / 7) of the serous papillary adenocarcinomas.

###### 

Summary of PK-like cells in adenocarcinoma cases
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The PK-like cells were present in 83% of the mesothelioma cases, 13% of the adenocarcinoma cases and 7% of the reactive cases. In non-mesothelioma cases, when PK-like cells were present, they were usually rare. [Table 4](#T4){ref-type="table"} summarizes these findings.

###### 

The percentage of positive PK-like cells in all cases

![](CJ-9-18-g006)

In the present study, the sensitivity of PK-like cells for the diagnosis of mesothelioma was 83%, the specificity was 90%, the positive predictive value was 81%, and the negative predictive value was 84%. When moderate or many PK-like cells were present, the specificity was 97%, but the sensitivity dropped to 50%.

DISCUSSION {#sec1-4}
==========

Our results showed that the presence of PK-like cells in effusion specimens was highly specific for the diagnosis of MM, especially when the PK-like cells were moderate or numerous. In reactive and adenocarcinoma cases, the PK-like cells were identified in only 7% (reactive) or 13% (adenocarcinoma) of cases, and when present, the PK-like cells were sparse. Interestingly, among adenocarcinomas, the PK-like cells were noted only in ovarian serious papillary adenocarcinoma (SPA) and not in other adenocarcinomas. The PK-like cells are present in four of seven (57%) SPA cases \[[Table 3](#T3){ref-type="table"}\]. Of the seven SPA cases, only one case was from a pleural effusion (the others were ascites), while 24 of the 30 mesothelioma cases were pleural effusions \[[Table 1](#T1){ref-type="table"}\].

Mesothelioma cases that were negative for PK-like cells were either poorly cellular or had papillary architecture. The total number of PK-like cells rarely exceeded about 1% of the total cellularity; therefore, the probability of identifying PK-like cells in a hypocellular specimen was correspondingly low. However, it was not obvious why PK-like cells were not present in those cases of MM with papillary architecture.

The formation of PK-like cells seems to be a degenerative change in the malignant mesothelial cells. The nuclei are pyknotic, indicating cell death, and the cytoplasm also appears granular and degenerated. We speculate that the PK-like cells may represent a form of apoptosis. Mesothelial cells not only contain keratins, but also when any cell type degenerates, they can stain with Orange G, the component of the Papanicolaou stain responsible for orangeophilia.\[[@ref10]\] It is possible that chemicals, such as hyaluronic acid,\[[@ref12]\] in the effusion play a role in the development of the PK-like cells in MM. Although squamous metaplasia in the mesothelioma has been described,\[[@ref13]\] it seems less likely that squamous metaplastic cells are the small orange cells, based on their rarity and morphology.

Cytology plays an important role in the detection of mesothelioma. As patients often present with effusions, examination of the effusion fluid is often the first specimen submitted in the work-up of the mesothelioma. The cytodiagnosis of the mesothelioma can be challenging, because the malignant cells can closely resemble benign, reactive mesothelial cells. Failure to recognize the cells as malignant could lead to a delay in diagnosis if the patient is treated for a benign effusion. Therefore, a morphological clue to diagnosis that is often present in mesothelioma (sensitive) and usually absent in other diseases (specific), such as the PK-like cells described here, could be very helpful in the recognition of malignant mesothelioma. However, the Papanicolaou stain can vary among laboratories, so it is possible that our results are not entirely representative. Therefore, the relation between PK-like cells and MM may need further study in different laboratories, to confirm its usefulness.

In conclusion, our study showed that the presence of PK cells in pleural effusion is a highly specific and moderately sensitive cytological feature for the diagnosis of mesothelioma in the effusion specimens. The major differential diagnosis is serous papillary carcinoma.
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